Esophageal squamous cell carcinoma (ESCC) is a common cancer with poor prognosis. Caveolin-1 (Cav1) and Rho/ROCK pathway play important roles in tumor metastasis, separately. However, less research was focused on the relationship between Cav1 and Rho/ROCK in ECSS metastasis. Therefore, we investigated the relationship between Cav1 and Rho/ROCK pathway in ESCC metastasis.
Background
Esophageal squamous cell carcinoma (ESCC) is the eighth most common cancer worldwide, and is the sixth most common cause of death from cancer worldwide [1] . Despite surgery with fast therapeutic effect, and adjuvant treatments, the prognosis of ESCC patients is still poor [2] . Since tumor metastasis is one of the main causes for poor prognosis in ESCC, it is imperative to investigate the molecular mechanisms of ESCC.
Many genes play important roles in ESCC metastasis, including Caveolin-1 (Cav1). Cav1 is one of the major components in caveolae membrane structure, and it regulates many biological functions by activating signal pathways, such as regulating cell migration and invasion [3] [4] [5] . Increasing evidence suggests that Cav1 is tumor suppressor or tumor promoter in different kinds of cancer [6] . Moreover, the 14 th tyrosine in Cav1 is phosphorylated by Src, shown as PY14Cav1 [7] , and then PY14Cav1 interacts with various proteins to promote cancer metastasis [8] . In esophageal cancer, Kato and Ando et al. reported that Cav1 expression is positively correlated with lymphatic and distant metastasis, but the molecular mechanism remains unclear [9, 10] . However, PY14Cav1 expression in esophageal cancer has not been clearly identified.
The Rho family is critically correlated with cancer metastasis [11, 12] . Rho-associated kinase (ROCK) has an essential role in tumor metastasis, and its activation is a potential marker of lymphatic metastasis [13] . According to a previous report [14] , ROCK inhibitor reduces the migration of ESCC cells.
To verify the positive association of Cav1 expression level with lymphatic metastasis and distant metastasis in ESCC patients, as well as the role of Rho/ROCK signaling in promoting esophageal cancer metastasis, it is important to investigate whether Cav1 interacts with Rho/ROCK pathway in ESCC. In the present study, we investigated the role of Cav1 and its interaction with the Rho/ROCK pathway in ESCC to explore the potential molecular mechanisms of Cav1 in promoting ESCC metastasis.
Material and Methods

Patients
ESCC and adjacent and non-tumorous tissues were obtained from 60 patients hospitalized at the First Affiliated Hospital of Shantou University Medical College. All patients were diagnosed as being in stages I to III. Clinicopathologic data were collected and analyzed, including age, sex, tumor size, degree of differentiation, TNM stage, and lymphatic metastasis (positive or negative). All data were obtained from patient medical records. The 
Detecting Cav1 and PY14Cav1 expressions in tissues
Immunohistochemistry (IHC) was used for detecting Cav1 and PY14Cav1 expressions in ESCC and in adjacent and non-tumorous tissues. The tissues were fixed in formalin-fixed solution and embedded with paraffin. Then, the tissues were cut into serial slices of 5 μm. After being dewaxed in xylene and hydrated in gradient alcohol, the sections were incubated with antigen retrieval solution (100 mM Tris buffer, pH 9.5) at 100°C for 20 min. Endogenous peroxidase activity was blocked with 30 mL/L H 2 O 2 in methanol for 10 min at 25°C. The slides were subjected to antigen retrieval in 0.01 mM sodium citrate buffer for 10 min. Non-specific antibody binding sites were blocked with 4% PBS-BSA for 30 min. Primary anti-Cav1 antibody (1: 1000) was used to incubate at 4°C overnight. Mouse anti-rabbit secondary antibody (1: 500) was used to incubate at 37°C for 1 h. Finally, the slides were incubated with 0.02% DAB and 0.005% H 2 O 2 in 0.05 mM Tris-HCl buffer, and the counterstaining was performed with hematoxylin. Negative control slides were incubated with PBS instead of the primary antibody. We observed and analyzed the slides under a microscope (Olympus Corporation, Japan).
Cell culturing
TE1 and EC109 cell lines were provided by Doctor Hao Zhang (Cancer Hospital of Shantou University Medical College), and Eca109 and TE13 were provided by the Fourth Hospital of Hebei Medical University. All cells were cultured in DMEM containing 10% FBS and placed at 37°C in 5% CO 2 and saturated humidity.
Silencing Cav1
RNA interfering (RNAi) was used for silencing Cav1. Cav1 siR-NA1 (sc-29241) and siRNA2 (sc-44202) were transfected into EC109, Eca109, TE1, and TE13 cells with lipofectamine 2000 according to the specifications. Transfecting with empty vector was taken as negative control (NC), while those without transfecting vectors were taken as blank control (BC). After transfecting for 26 h, the medium was discarded and the cells were used for the following experiments.
Suppressing Rho/ROCK pathway Y-27632 was diluted in medium at the concentration of 10 uM and used to treat the 4 kinds of ESCC cells for 1 h at 37°C. Then, the treated cells were harvested for further experiments.
Western blotting (WB)
Cell lysates were prepared by using a protein quant sample lysis kit. The total proteins were quantified by BCA protein assay kit and then for sodium lauryl sulfonate-polyacrylamide gel electrophoresis (SDS-PAGE). We analyzed 30 μg of protein per sample with 12% separating gel and 5% stocking gel. Subsequently, proteins were transferred to a PVDF membrane and then blocked with 5% non-fat milk in PBST (PBS containing 0.05% Tween-20). Next, the membranes were incubated with rabbit anti-Cav1 (1: 4000), rabbit anti-PY14Cav1 (1: 4000), and mouse anti-b-actin (1: 10000) antibodies at 4°C overnight, separately. Goat anti-rabbit and goat anti-mouse antibodies were used to incubate according binding at 25°C for 1 h. The ECL system was used to detect protein expression.
Wound healing assay
After transfection for 14 h, the treated cells were cultured in 12-well plates at a density of 1.5×10 5 cells/ml until confluence reached 90%. A straight-line wound was made using a 20-ul pipette tip. We removed the cell debris and smoothed the edge of the straight-line wound, then we washed the cells with PBS and cultured them continuously in medium. The wound areas and migrated cells in each group were assessed after 12 h and 24 h.
Transwell assay
After transfection for 14 h, the treated cells were digested and resuspended with DMEM without FBS. We adjusted the concentration as 1×10 5 cells/ml and cultured the cells in the upper chamber of the Transwell system (8μm) with or without Matrigel. DMEM containing 5% FBS was added in the lower chamber. After 12 h (migration) or 24 h (invasion), we fixed the migrated or invasive cells with 4% methanol and cleaned the non-migrated or non-invasive cells on the upper surface of the chamber. We stained the cells with 0.25% crystal violet dissolved in 20% methanol, then observed and counted cells in 5 random 100× fields per well under a microscope.
Statistical analysis
All data are expressed as mean ± standard deviations (X ±SEM) and were analyzed using SPSS 19.0 software. All experiments were performed at least in triplicate. One-way ANOVA was used to analyze the differences among groups. LSD was performed for homogenous data and Dunnett's T3 was performed when data were heterogeneous. P<0.05 was considered a significant difference.
Results
Cav1 and PY14Cav1 were positively correlated with TNM stage and lymphatic metastasis of ESCC patients Clinical characteristics of ESCC patients are shown in Table 1 , and IHC results of Cav1 and PY14Cav1 expressions are shown in Figure 1A . According to the analysis, Cav1 or PY14Cav1 expressions were not associated with patient sex, age, tumor size, or degree of tumor differentiation. However, ESCC TNM stage and lymphatic metastasis were significantly (P<0.05) positively correlated with Cav1 and PY14Cav1 expressions. There were significantly more patients in stage III with positive Cav1 than those in stage I-II (P=0.004), and there were significantly (P=0.002) more subjects with positive PY14Cav1 in stage III than subjects in stage I-II. There were significantly (P=0.025) more patients with ESCC lymphatic metastasis than those without lymphatic metastasis in the ESCC patients with positive Cav1, and there were significantly (P=0.008) more ESCC patients with positive PY14Cav1.
Cav1 and PY14Cav1 expressions enhanced in ESCC tissues
Cav1 and PY14Cav1 expressions in ESCC and in adjacent and non-tumorous tissues are shown in Figure 1A . There was no obvious expression of Cav1 (Figure 1Ac 
Motility, migration, and invasion were enhanced in ESCC cells with higher Cav1 and PY14Cav1 expressions
As shown in Figure 1B , Cav1 expression in EC109 and Eca109 cells was significantly (P<0.05) lower than that in TE1 and TE13 cells, and it was lower in EC109 cells than in Eca109 cells. PY14Cav1 expression was detected in TE1 and TE13 cells, but expression was not obvious in EC109 and Eca109 cells, and that in TE13 cells was significantly (P<0.05) higher than that in TE1 cells.
The results of wound healing assay, including the 4 kinds of migrated cells after 0, 12, and 24 h, are shown in Table 2 and Figure 1C , respectively. In each kind of ESCC cell, wound closure gradually but significantly (P<0.05) increased over time. After 12 h (F=1629.120, P<0.05) and 24 h (F=3306.187, P<0.05), the cell motility among the 4 kinds of ESCC cells were significantly different. After 12 h, wound closure in TE1 and TE13 cells was significantly (P<0.05) greater than that in EC109 and Eca109 cells, and that in TE13 cells was significantly (P<0.05) greater than that in TE1 cells. After 24 h, wound closure in EC109, TE1, and TE13 cells was significantly (P<0.05) greater than in Eca109 cells, and wound closure in TE1 and TE13 cells was significantly (P<0.05) greater than that in EC109 cells.
The results of the transwell assay were shown in Table 2 and Figure 1D . The migration (F=192.701, P<0.05) ability of the 4 kinds of ESCC cells was significantly (F=3.406, P=0.074) different, but the invasion ability was not. The migration ability of TE1 and TE13 cells was significantly (P<0.05) stronger than that of EC109 and Eca109 cells, and the migration ability of TE13 cells was significantly (P<0.05) stronger than that of TE1 cells. However, only the invasion ability of TE13 cells was significantly (P<0.05) stronger than that of EC109. 
Silencing Cav1 suppressed ESCC migration and invasion
The results of silencing Cav1 are shown in Figure 2A -2D. Compared to NC and BC groups, after silencing, Cav1 levels in EC109 (Figure 2A ), Eca109 ( Figure 2B ), TE1 ( Figure 2C ), and TE13 ( Figure 2D ) cells were decreased, while the Cav1 level in NC of EC109 and TE13 cells was significantly (P<0.05) lower than in the BC group. In TE1 and TE13 cells, PY14Cav1 levels were significantly (P<0.05) reduced compared to the NC and BC groups after silencing Cav1. As shown in Table 3 and Figure 2F , with siRNA1 (F=10.847) and siRNA2 (F=6.811) treatments, the invasive ability of ESCC cells was significantly different (P<0.05). After silencing Cav1, the numbers of invasive EC109, Eca109, TE1, and TE13 cells decreased significantly (P<0.05) compared to NC and BC groups. Before and after silencing Cav1, there were significantly (P<0.05) fewer invasive EC109 and Eca109 cells than TE13 cells. However, there were more invasive TE1 cells than invasive EC109 cells in all groups except for the BC group, and there were significantly (P<0.05) more invasive TE1 cells than invasive Eca109 cells only in the NC group.
Suppressing Rho/ROCK pathway inhibits ESCC migration and invasion by targeting Cav1 and PY14Cav1
The results of suppressing the Rho/ROCK pathway are shown in Figure 3A -3D. Compared to the control group, after suppressing the Rho/ROCK pathway with Y-27632 (10 μM), Cav1 expression in EC109 ( Figure 3A ), Eca109 ( Figure 3B ), TE1 ( Figure 3C ), and TE13 (Figure 3 -D) cells were all significantly (P<0.05) inhibited, as was PY14Cav1 expression in TE1 ( Figure 3C ) and TE13 ( Figure 3D ) cells.
As shown in Table 4 and Figure 3E -3F, compared to the control group, the migration and invasion ability of EC109, Eca109, TE1, and TE13 cells all were significantly (P<0.05) decreased after suppressing the Rho/ROCK pathway with Y-27632 (10 μM Cav1 is a multifunctional protein, which contributes to cancer progression and metastasis, positively or negatively [15, 16] . According to Isik et al. [17, 18] , Cav1 is associated with poor prognosis with some tumors. In cutaneous squamous cell carcinoma and lung cancer, Cav1 was reported to be a tumor suppressor through inhibiting cell proliferation and/or metastasis [19, 20] . According to previous reports, Cav1 is expressed at higher levels in different kinds of tumor [21] [22] [23] . Significant correlations between Cav1 and lymphatic metastasis, vein 
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invasion, and tumor local recurrence after radical surgery were confirmed, such as in pancreatic cancer, bladder cancer, and gastric cancer [24] [25] [26] . In ESCC, Cav1 is associated with poor prognosis and survival rate [9, 10] . However, the molecular mechanisms of these associations are still unclear.
In the present study, we firstly observed that Cav1 and PY14Cav1 were over-expressed in ESCC tissues compared to the adjacent and non-tumorous tissues. By analyzing the correlation with clinical characteristics, we confirmed that Cav1 and PY14Cav1 are significantly positively correlated with lymphatic metastasis and cancer stage in ESCC patients. These results agree with previous studies [10, 27] .
According to Kentaro et al. [27] , over-expression of Cav1 is positively correlated with lymph node metastasis and pathologic stage. Ando et al. [10] found that Cav1 over-expression is a potentially useful prognostic marker of ESCC. To investigate the molecular mechanisms in the present study, we used 4 kinds of ESCC cells and detected Cav1 and PY14Cav1 expressions. Cav1 and PY14Cav1 expression was higher in TE1 and TE13 cells, which had stronger metastatic ability, while lower Cav1 expression and no PY14Cav1 expression were detected in EC109 and Eca109, which had weaker metastatic ability. Silencing Cav1 expression in ESCC cells not only decreased Cav1 and PY14Cav1 levels, but also suppressed ESCC cell migration and invasion. Therefore, we suggest Cav1 may be a biomarker, as well as a promoter, in ESCC metastasis, which is in agreement with previous studies.
Interestingly, Jia et al. [28] found that the down-regulation of stromal Cav1 expression resulted in the high malignant potential in ESCC, indicating that Cav1 may be an effective prognostic marker for ESCC. The negative correlation between Cav1 in the tumor and Cav1 in the stroma was identified in prostate cancer [29, 30] and breast cancer [31] . This suggests that the function of stromal Cav1 is to protect the body from invasion by malignant tumors. In addition, Meltzer et al. [9] showed that hypermethylation of the Cav1 promoter led to gene silencing, which is common in human early esophageal cancer during Barrett's-associated EAC, but this is inconsistent with a previous study [10] , as well with as our research. This disagreement may be due the converse role of Cav1 in different cancer stages of ESCC. Shatz et al. [32] showed that Cav1 expression inhibits tumor growth during the early stage of cancer progression, while promoting tumor invasion and metastasis during the later stages.
Evidence of the interactions between Cav1 and Rho GTPases in cancers has been reported in multiple studies [33, 34] . Cav1 influences the activation of Rho GTPases, which regulate cell polarity and directional migration [35] . Similarly, Shibu Thomas et al. [26] reported that decreased levels of Cav1 led to decreased activity of RhoA and RhoC, and treatment with a ROCK inhibitor reduced tumor metastasis in vivo.
In this study, by using Rho/ROCK inhibitor, we found that Cav1 was downstream of Rho/ROCK signaling, and the metastasis of ESCC cells were also suppressed. Previous reports showed that the Rho family contributes to cancer metastasis [36] [37] [38] , and our study yielded similar results. Thus, we suggest that the function of Cav1, as an effector of Rho/ROCK signaling, is to promote tumor progression and metastasis, which might be related to its association with poor prognosis in ESCC.
Our study has certain limitations. Firstly, there were only 60 samples in this study, and further investigations with larger sample sizes are needed. Secondly, there was no healthy control group in this study; therefore, the healthy level of related proteins is unknown. Thirdly, we did not detect the activity of Rho/ROCK pathway after silencing Cav1, so their co-interaction is still unclear.
Conclusions
This study is the first to investigate the effect of Cav1 on promoting migration and invasion of ESCC cells, focusing on the relationship with the Rho/ROCK pathway. Cav1 and PY14Cav1 were significantly associated with lymphatic metastasis and cancer stage. Cav1 down-regulation inhibited migration and invasion of ESCC cells. Suppressing the Rho/ROCK signaling pathway down-regulated Cav1 expression and inhibited ESCC migration and invasion. Our results show the association between Cav1 and poor prognosis of ESCC with molecular mechanisms.
